We report a fatal case of invasive pulmonary aspergillosis in a severely ill neonate and review 43 additional cases of invasive aspergillosis reported from 1955 through 1996 that occurred during the first 3 months of life. Eleven of the 44 patients had primary cutaneous aspergillosis, 10 had invasive pulmonary aspergillosis, and 14 had disseminated disease. Most infections were nosocomial in origin. Prematurity (43%); proven chronic granulomatous disease (14%); and a complex of diarrhea, dehydration, malnutrition, and invasive bacterial infections (23%) accounted for the majority of underlying conditions. At least 41% of the patients had received corticosteroid therapy before diagnosis, but only one patient had been neutropenic. Among patients who received medical and/or surgical treatment, outcome was relatively favorable, with an overall survival rate of 73%. Invasive aspergillosis may occur in neonates and young infants and warrants consideration under certain circumstances. Current therapeutic approaches consist of high-dose amphotericin B and appropriate surgical interventions.
During the past 2 decades, opportunistic fungal infections
See editorial response by Walsh on pages 453 -7. have emerged as important causes of morbidity and mortality in hospitals. Although Candida species are still considered the In this article, we present our experience with a fatal case predominant fungal pathogens among immunocompromised of invasive pulmonary aspergillosis in a critically ill neonate, individuals, the increasing importance of invasive aspergillosis and we seek to describe the epidemiological and clinical feais widely recognized [1, 2] . Invasive aspergillosis is a leading tures associated with invasive aspergillosis during the first 3 cause of attributable mortality among bone marrow transplant months of life and the implications of these features for early recipients [3, 4] . It is the most significant fungal infection recognition and treatment. among patients with hematologic malignancies [5] and aplastic anemia [6] , and among solid-organ transplant recipients [7] , and it has recently surfaced as a frequent complication in indiCase Report viduals with advanced HIV infection [2, 8] .
A male newborn was delivered at a peripheral hospital by Although invasive infections due to Candida species can be cesarean section at 35 weeks' gestation because of intrauterine a significant problem in neonatal medicine [9, 10] , only a few growth retardation and abnormalities noted on cardiotocogracases of invasive aspergillosis have been reported in neonates phy. The infant's birth weight was 1460 g; body length was and infants £3 months of age [11 -13] . Apart from the rare 41 cm; head circumference was 29 cm (all õ10th percentile); case of aspergillosis in an infant with chronic granulomatous and the Apgar score was 9, 10, and 10 at 1, 5, and 10 minutes, disease (CGD), neonates admitted to intensive care units respectively. Enteral formula (protein hydrolysate 15%) was (ICUs) may be predisposed to the disease because of their administered shortly after birth. Other than indirect hyperbiliimmature phagocytic capacity, the frequent administration of rubinemia and borderline hypoglycemia, the infant's initial hoscorticosteroids, and prolonged hospitalization. Given the past pital course was uneventful. and present trends in other vulnerable populations, it is conceivOn the seventh day of life, however, the patient developed able that invasive aspergillosis will be seen more frequently in neonates with serious underlying conditions. abdominal distension, gastric residuals, guaiac-positive stools, and concomitant decreasing WBC and platelet counts, circulatory instability, and laboratory signs of disseminated intravas- NOTE. There were no cases of prior neutropenia. All cases were diagnosed during life. AIS Å amnion infection syndrome; AmB Å amphotericin B deoxycholate; 5-FC Å 5-fluorocytosine; Fu Å time to follow-up after end of treatment; IVH Å intraventricular hemorrhage; NA Å not applicable; NR Å not reported; PDA Å persistent ductus arteriosus; RDS Å respiratory distress syndrome; TD Å total dose. * Exposed but exact duration in days not reported. † Dosage and duration of treatment as reported.
four loop enterostomies were established for decompression. allowing re-laparatomy on the 10th day of life, with resection and oversewing of several necrotic portions of only the small No tissue was available for microscopic examination but intraabdominal swab cultures as well as initial and repeated intestine. During a third surgical intervention on the 14th day of life, the defects of the large intestine were addressed and blood cultures remained sterile. During the next 2 days, the patient's condition progressively deteriorated despite maxinew enterostomies were created. Again intraabdominal swab cultures were sterile as were repeated blood cultures, and mal support with use of catecholamines, high frequency oscillating ventilation, substitution of blood products, and appromicroscopic examination of all resected tissue was negative for infectious agents. priate modification of empirical antibiotic treatment. Because further surgery was not feasible, exchange transfusion was During the next few days the patient's overall condition improved, as was evident by good urinary output, decreasing performed and the patient was started on dexamethasone. These measures resulted in some circulatory stabilization, catecholamine requirements, and successful weaning to con- ventional ventilation with only moderate ventilator settings all borders. A swab culture from the cut surface of the lung was negative for fungi. A second site of infection was noted (P 18/3; FiO 2 , 40%; respiratory rate, 40/min). On the 18th day of life, however, the patient's respiratory status progressively at the base of the tongue. The intestines showed residual inflammation, but there were no perforations and there was no deteriorated. A chest radiograph revealed new perihilar nodular opacification. Tracheal secretions became blood stained and fungal involvement. The mesenteric arteries were free of pathological findings. Bone marrow and lymph nodes were morphothe patient rapidly developed massive pulmonary hemorrhage. Despite all possible interventions, the patient died that same logically normal. The thymus showed cortical T cell depletion and evidence of hemophagocytosis, consistent with a so-called day of suffocation.
A complete autopsy revealed severe, diffuse necrotizing ''accidental involution'' of the organ. The patient was not neutropenic (absolute neutrophil count, hemorrhagic bronchopneumonia with masses of thin, dichotomously branching septate hyphae that infiltrated the lung across õ500/mL) at any time during his hospital course. However, he received a total dexamethasone dose of 4.5 mg/kg within the nates who are potentially at risk tend to be hospitalized well beyond the (arbitrarily defined) neonatal period. 8 days before his death, which is equivalent to a pharmacological input of 3.5 mg/kg prednisone per day. Notably, surveilIndividual reports were reviewed for details concerning demographic data; underlying medical conditions and treatment; lance cultures from the pharynx obtained on the 13th day of life yielded Aspergillus fumigatus, but were first considered prior hospitalization; prior exposure to antibiotics, corticosteroids, and immunosuppressive agents; prior neutropenia; laboratory contamination. A repeated pharyngeal swabbing performed on the 17th day of life, however, confirmed posthuclinical presentation; whether the diagnosis was established during life or at autopsy; microbiological and histopathologic mously the abundant growth of A. fumigatus.
Epidemiological investigations revealed accumulation of information; presumed portal of entry; medical and surgical treatment; ultimate outcome and, in the case of death, relation dust at the inner surface of the outlet of a ventilation duct directly above the open incubator of the newborn as the most to the cause of death and autopsy findings, if applicable. Both deficient and negative information was recorded as not reported likely source of the organism. Although genomic fingerprinting was not available for ultimate proof, swab cultures from that (NR). Hospital-acquired infections were defined according to the criteria set forth by the Centers for Disease Control and dust yielded overgrowth by A. fumigatus. During the weeks before the event, hospital renovation work had taken place in Prevention (CDC) [17] . For detailed analyses, cases of IA were classified into singlethe basement of the building including the demolition of walls and transport of debris onto trucks, all within a 25-meter radius site and disseminated infections. Single-site infections were further subdivided into primary cutaneous aspergillosis, invaof the intake of the NICU ventilation system.
Appropriate measures [14, 15] were instituted. None of the sive pulmonary aspergillosis, aspergillosis of the CNS, aspergillosis of the gastrointestinal tract, and miscellaneous singleother patients admitted to the unit during the period from the beginning of construction work until the index case was found site aspergillosis. to be colonized or infected by molds. There had been no single circumstance of clinically diagnosed aspergillosis among the (1966 presentations, as far as reported, were diverse and included single or multiple plaques, papules, pustular lesions, small abscesses, until 1 June 1997; MEDLINE; n Å 37 cases) and from reference lists found in the articles (n Å 6 additional cases). Cases were and crusting ulcerations. In four cases (patients 1, 2, 3, and 5), the lesion was located on the infant's back. The diagnosis was included in the analysis if there was evidence of IA as determined by histological examination, microscopic examination, definite in eight cases, and probable in three cases. The most frequently encountered Aspergillus species was A. fumigatus or culture; if the diagnosis had been made within the first 3 months of life; and if there was information concerning under-(n Å 6), followed by Aspergillus flavus (n Å 3), Aspergillus niger (n Å 1), and Aspergillus species (n Å 1). A documented lying condition(s) and affected sites.
A case was considered definite if there was histopathologic portal of entry was reported for three cases and consisted of skin macerations caused by adhesive tape (n Å 2) or the former evidence for IA in a tissue specimen and Aspergillus species was documented in cultures. A case was considered probable presence of an oxymeter sensor. Construction work at or near the hospital was documented in three cases (patients 5, 6, and if there was histopathologic evidence for IA but cultures either failed to yield the organism or were not obtained; or if there 10). In two cases (patients 2 and 4), no information was available was a positive culture from a clinically or radiographically suspicious lesion from a normally sterile site, including mateconcerning treatment and ultimate outcome. One patient (patient 1) underwent complete excision of the lesion only; he rial obtained by bronchoalveolar lavage in the absence of histopathologic confirmation [16] . The age cut-off of 3 months (90 died later of unrelated complications, and autopsy findings were negative for aspergillosis. Seven patients received systemic days) was chosen to maximize the available information on IA in early life and because a considerable proportion of ill neoantifungal treatment with intravenous amphotericin B with or without 5-fluorocytosine at varying doses and schedules, and finding of necrotizing aspergillus vasculitis of the pulmonary arteries in two instances underscores the devastating one patient received systemic antifungals and underwent surgical incision of the lesion. Six of these patients were cured and potential of even minor lesions. The fourth case (patient 21) died of suffocation secondary to pulmonary mass bleedsurvived (patients 3, 5, 6, and 9 -11). In one case (patient 7), bilateral aspergillus endophthalmitis was diagnosed 3 weeks ing in the presence of a severe, necrotizing aspergillus infection of the lung. after completion of a 4-week course of amphotericin B, which had resulted in complete resolution of the cutaneous lesions.
Six of the 10 patients received medical treatment alone; one of these patients (patient 14) died after 8 days of treatment One patient with PCA died of unrelated causes and there was no evidence of dissemination at autopsy.
with amphotericin B of bilateral aspergillus pneumonia and cerebral venous thrombosis with hemorrhagic brain infarction Invasive pulmonary aspergillosis (table 2). Reports concerning invasive pulmonary aspergillosis (IPA) during the without evidence of fungal involvement. The remaining five patients, representing the cases with CGD as their underlying first 3 months of life are evenly distributed over the last 20 years. In contrast to PCA, only two patients (patients 15 disorder, responded to prolonged medical treatment, and at least four of them were cured and survived. and 21) were premature neonates; the remaining eight were delivered at term. Five of these patients had documented
Aspergillosis of the CNS (table 3) . Four cases of isolated aspergillus infection of the CNS during the first 3 months of CGD (patients 16 -20) . The clinical presentation for one additional patient (patient 14) was compatible with CGD, but life are reported. Underlying conditions were prematurity, immunosuppression after liver transplantation, cyanotic heart dishistological and immunologic workups were inconsistent with that diagnosis. Two patients (patients 12 and 13) had ease with cardiac surgery and infectious complications, and staphylococcal pneumonia and septicemia. The mean age at underlying diarrhea, dehydration, and invasive bacterial infections. Nine of the 10 patients were male. diagnosis was 51 days (range, 27 -84 days). The mean duration of hospitalization before diagnosis was 36 The mean age at diagnosis was 31 days (range, 1 -57 days). In at least half of the cases (patients 14, 16, and 18 -20) , the days (range, 22-70 days). The disease was hospital acquired in three cases. Associated construction work was not reported. In infection was likely acquired outside the hospital, given that these patients presented with significant pulmonary symptoms all cases, there was prior exposure to antibiotics and steroids and in one case, additional exposure to cyclosporin A and OKT3-on admission. The mean duration of hospitalization before diagnosis for the cases considered as hospital acquired was 19 antibodies (patient 24). None of the patients were neutropenic. Instability, fever, seizures, culture negative but unspedays (range, 1 -45 days). Prior exposure to antibiotics or to corticosteroids was reported in seven and three cases, respeccifically abnormal CSF findings, and ring-enhancing lesions on imaging studies were the presenting symptoms. For three of tively. None of the patients had been neutropenic; instead, three presented with marked leukocytosis. the four patients, the diagnosis was established by use of needle aspiration. Cultures of the aspirate yielded A. fumigatus in two In six of the 10 cases IPA was diagnosed during life, including all cases with proven CGD. The clinical presentaand A. flavus in one case. These patients received prolonged systemic and, in part, intralesional and/or intraventricular antition consisted of lower respiratory tract symptoms and/or new pulmonary infiltrates on chest radiographs. At least one fungal treatment along with drainage or surgical excision. All patients were cured and survived, although apparently with case (patient 14) had cardiovascular instability. Pulmonary mass bleeding was the presenting symptom in our case (paconsiderable neurological sequelae. One of the four patients was diagnosed at autopsy with diffuse aspergillus meningoentient 21). Fever was reported in only three instances and was an inconsistent feature, even in the presence of abnormal cephalitis; in retrospect, widespread invasive staphylococcal disease raises the possibility of undiagnosed CGD as the underradiographic findings.
The diagnosis was definite in five cases, and probable in the lying disorder in this patient. In all cases, the most likely portal of entry was the lung. A remaining five. A. fumigatus accounted for the majority of cultured isolates (n Å 5 of 7). In retrospect, the presumed portal speculative relation to the presence of central venous catheters in two of the cases (patients 23 and 25) was not further substanof entry was the respiratory tract in all cases. Two patients had a history of exchange transfusion via an umbilical central vetiated by microbiological or clinical data.
Aspergillosis of the gastrointestinal tract (table 3)
. Two of nous line (patients 15 and 21), but there was no evidence of any etiologic relatedness to the infection. Associated constructhe three reported cases of gastrointestinal aspergillosis occurred in preterm neonates. For the third case (patient 26), tion work at or near the hospital was reported in association with two cases (patients 15 and 21).
a primary immunodeficiency disorder is the most compelling diagnosis, in view of the histological description of lymphatic In four cases, IPA was diagnosed only at autopsy, and no antifungal treatment had been given. In three of those tissues.
The main clinical presentation was perforation. In one case cases (patients 12, 13, and 15), IPA was an incidental finding and was not related to the cause of death. However, the (patient 28), the small bowel was affected, and in another NOTE. The respiratory tract was the presumed portal of entry for all cases. Surgical treatment was not reported for any of the cases. AmB Å amphotericin B deoxycholate; BAL Å bronchoalveolar lavage; CGD Å chronic granulomatous disease; 5-FC Å 5-fluorocytosine; FU Å time to follow-up after end of treatment; Itr Å itraconazole; Ket Å ketoconazole; NA, not applicable; NR, not reported; PR Å present report; RDS Å respiratory distress syndrome; Rif Å rifampin; TD Å total dose. * Exposed, but exact duration in days not reported. † Dosage and duration of treatment as reported.
(patient 26), the stomach. One additional patient with necrotizeye was enucleated; he was reportedly cured and survived. Raghavan et al. [36] , in an autopsy survey of systemic ing enterocolitis had A. niger cultured from stool and the peritoneal cavity. All cases were hospital acquired and diagnosed fungal infections in infants in South India, reported a case of isolated aspergillus myocarditis detected at autopsy in a during life (mean age, 14 days; range, 4 -32 days). The presumed portal of entry was the gastrointestinal tract. All patients child of 42 days of age with prior diarrhea and treated bacterial septicemia. had been exposed to antibiotics, and one had been exposed to steroids. There was no neutropenia reported. One case (patient Disseminated invasive aspergillosis (table 4) . The majority of cases of disseminated invasive aspergillosis (DIA) in the 26) did not survive diagnostic surgery. The second patient (patient 27) died of unrelated causes after resection of necrotic first 3 months of life have been reported before 1980; the earliest case was published in 1955. Similar to the analyzed bowel and topical antifungal treatment; microscopic examination of the resected bowels and complete autopsy revealed cases of IPA, most patients (n Å 10 of 14) were born at term. However, in DIA, female gender dominated slightly. no evidence for invasive aspergillosis. The remaining patient (patient 28) was cured and survived after prolonged treatment
The mean age at diagnosis was 32.5 days (range, 16-73 days). Prematurity was the underlying condition in four cases (patients with amphotericin B and resection of necrotic intestinal tissue.
Miscellaneous single-site aspergillosis (table 3) . Sihota 35, 36, 40, and 44) , complicated by CMV pneumonitis in one case (patient 36). One patient (patient 39) had confirmed CGD et al. [37] reported a case of biopsy-proven bilateral aspergillus endophthalmitis in an otherwise healthy boy of 30 and one newborn (patient 38) had congenital myeloblastic leukemia that was treated with cytotoxic chemotherapy. Two patients days of age without any obvious predisposition. The patient received intravenous amphotericin B treatment and the left (patients 41 and 42) had hepatic failure of uncertain etiology. The remainder of the patients presented initially with diarrhea periods. Four patients had leukocytosis, and, in the other cases, the leukocyte count was either normal or not reported. and dehydration, failure to thrive, invasive bacterial infections, or a combination of these entities (patients 31-34, 37, and 43).
In only one of the 14 cases, the diagnosis was suspected or established during life. The most common presenting clinical However, in three additional cases, the clinical course and the granulomatous nature of pulmonary lesions (patients 33 and 34), symptoms were signs of lower respiratory tract and/or CNS compromise in eight patients. However, two patients presented or the clinical course alone (patient 31), are retrospectively highly suspicious of CGD as the underlying condition.
initially with small bowel obstruction or perforation, and two patients presented with clinical symptoms that were indistinIn all of the premature infants (patients 35, 36, 40, and 44) as well as in three term patients (patients 31, 34, and 38), the guishable from severe hepatitis. In two cases (patient 35 and 38), Aspergillus species were isolated in blood cultures, 10 disease was hospital acquired. In three cases (patients 32, 33, and 37), the infection was clearly community acquired. In the days before death in one case, and during (unsuccessful) cardiopulmonary resuscitation in the other. Cultures of CSF were remaining cases, the information was either not provided (patient 39) or the origin of infection was unclear (patients 41 - negative in three cases with CNS involvement (patients 32, 43, and 44). 43). The mean duration of hospitalization before diagnosis was 22.5 days (range, 0 -51 days). Associated construction work
The diagnosis of DIA was definite in 10 and probable in four of the cases. A. fumigatus was the predominant organism was not documented in any of the reports.
Exposure to antibiotics or steroids before diagnosis of DIA (n Å 5), followed by Aspergillus sydowi (n Å 1), A. flavus (n Å 1), and A. niger (n Å 1). Although not further substantiawas noted in 12 (86%) and 6 (43%) cases, respectively. One patient (patient 38) was severely neutropenic for prolonged ble, the respiratory tract was the most likely portal of entry in NOTE. Prior neutropenia was not reported for any patients except for patient 23 for whom leukocytosis was reported. Aspergillosis was diagnosed during life in all patients but patients 22 and 29. AIS Å amnion infection syndrome; AmB Å amphotericin deoxycholate B; CMV Å cytomegalovirus; CSSR Å Czech and Slovakia Socialist Republic; EEG Å electroencephalogram; 5-FC Å 5-fluorocytosine; FU Å time to follow-up after end of treatment; GI Å gastrointestinal tract; IVH Å intraventricular hemorrhage; NA Å not applicable; NR Å not reported; Rif Å rifampin; RDS Å respiratory distress syndrome; RS Å respiratory tract; TD Å total dose. * Exposed, but exact duration in days not reported. † Dosage and duration of treatment as reported.
most cases (n Å 9). An umbilical venous catheter might have the heart (62%), kidneys (54%), bowels (54%), liver (46%), thyroid gland (31%), spleen (23%), and various other organs. been the portal of entry in patient 35, where no pulmonary involvement was found at autopsy. In another case (patient Infective endocarditis was found in 23% as was meningitis. Aspergillus endophthalmitis was described in only one case 36), no involvement of pulmonary parenchyma was documented, but arteritis of a pulmonary artery was noted; thus, (8%). In all patients, the infection was found in at least three anatomically distinct sites. the lung is the most likely portal of entry. Finally, there is the possibility of a gastrointestinal vs. a respiratory tract portal of entry for cases 40 and 41. Discussion All 14 patients with DIA died, and aspergillosis was related to the cause of death in all instances. None of the Despite the small number of reports, the distribution of these reports over ú4 decades, and the limited information provided patients had received any form of medical or surgical treatment. In all cases, invasive aspergillosis was widely dissemin some cases, certain important features of invasive aspergillosis during the first 3 months of life can be derived from this inated at autopsy. Pulmonary involvement was reported in 85%, followed by the brain (8 of 11 patients examined, 73%), review ( corticosteroids in pharmacological doses before diagnosis. Although the routes of infection, clinical symptoms, funAll cases of PCA were diagnosed during life, whereas disgal isolates, and patterns of disease noted among neonates seminated infection was diagnosed almost exclusively at auwere similar to those commonly seen in older children [16] topsy. The disease was uniformly fatal in untreated patients. and adults [51, 52] , only a minority of the reported patients In contrast, outcome was relatively favorable, with 73% surwere neutropenic or had been receiving long-term immunovival in the 22 patients receiving systemic antifungal therapy suppressive treatment. Prematurity, CGD, and a complex of and/or surgical treatment. diarrhea, dehydration, malnutrition, and invasive bacterial Invasive aspergillosis is exceedingly rare among individuals infections accounted for the majority of underlying condiwith apparently normal host defenses: in a 10-year retrospective tions. PCA and gastrointestinal aspergillosis were reported analysis from the Hospital for Sick Children in Toronto, Canalmost exclusively in premature neonates, and IPA, DIA, ada, only one of 39 children and adolescents with definite or and aspergillosis of the CNS were mainly observed in infants probable invasive aspergillosis was immunocompetent [16] . born at term. Acquisition of the infection outside the hospital
The primary clinical risk factors for invasive aspergillosis are setting occurred in DIA and was frequent in IPA; however, prolonged and profound neutropenia and administration of high most cases were nosocomial in origin. There was no cluster doses of corticosteroids [51, 52], since phagocytosis and intraof cases, and associated construction work was reported in only five cases. At least 41% of the patients had been given cellular killing are the major line of host defense. Normal NOTE. AML Å acute myeloblastic leukemia; CGD Å chronic granulomatous disease; CID Å congenital immunodeficiency syndrome; CNSA Å aspergillosis of the CNS; DIA Å disseminated invasive aspergillosis; GIA Å aspergillosis of the gastrointestinal tract; IPA Å invasive pulmonary aspergillosis; MSSA Å miscellaneous single-site aspergillosis; PCA Å primary cutaneous aspergillosis.
* Four of these patients had clinical or morphological features consistent with CGD. † Viral myocarditis (n Å 1), s/p open heart surgery (n Å 1), and idiopathic liver failure (n Å 2). ‡ One of these patients had clinical and morphological features consistent with CGD. § In untreated patients, invasive aspergillosis was uniformly fatal.
macrophages ingest and kill Aspergillus spores and prevent surprisingly, the cumulative frequency of invasive aspergillosis in patient with CGD is exceedingly high and ranges from 16% germination, whereas normal neutrophil granulocytes stop hyphal growth and dissemination and eradicate mycelia [53] . Beto 40% [58, 59] . Functional immaturity of phagocytosis may provide a somesides a possible growth-enhancing effect on the organism itself [54], the systemic administration of corticosteroids rapidly imwhat increased susceptibility of neonates to invasive infections due to Aspergillus species, given that mononuclear and polypairs the accumulation and fungicidal activity of both mononuclear and polymorphonuclear phagocytes, thus allowing germimorphonuclear phagocytes of term neonates and, in particular, preterm neonates have diminished chemotactic, phagocytic, nation and invasive mycelial growth [53, 55, 56] . The paradigm for the key role of phagocytosis in the defense against hyalohyand microbicidal activity, especially under conditions of severe illness and stress [60] . That corticosteroid therapy is a relevant phomycetes is CGD of childhood. This rare, genetically heterogeneous disorder of the nicotinamide-adenine dinucleotide risk factor for invasive fungal infections in neonates has been demonstrated in two case-control studies in preterm infants phosphate (NADPH) oxidase enzyme system is characterized by the inability of phagocytic cells to provide antimicrobial with invasive forms of candidiasis [23, 61] . Indeed, there is some evidence from laboratory experiments that neonatal mooxidants and to kill ingested microorganisms [29, 57] . Not nonuclear phagocytes may have an increased sensitivity to the depletion of cortical T lymphocytes in the thymus but not in other lymphatic tissues, a reaction that is the result of the effects of corticosteroids, both quantitatively and qualitatively [62, 63] . On the other hand, the systemic clearance of dexaexquisite sensitivity of the thymus to the effects of corticosteroids [80] . Although a nitroblue tetrazolium (NBT) test was methasone is reduced in preterm infants and neonates as compared to adults and children [64, 65] , which may lead to drug not done, we believe that the necrotizing nature of the infection [81] largely excludes CGD as an underlying condition. accumulation. In a similar fashion, low serum albumin and liver function abnormalities, both commonly encountered in It is plausible that impaired phagocytosis, local pulmonary injury from both hypoperfusion and mechanical ventilation, neonatal intensive care, can lead to increased exposure to the drug by increasing the unbound fraction in plasma and by and a presumably high inoculum from a source immediately above the open bedding of the infant all contributed to the impairing hepatic metabolism, respectively [64] .
Antecedent local trauma seems to be almost a prerequisite rapid establishment of severe, necrotizing disease. The ultimately fatal, diffuse lung hemorrhage seen in this patient is for cutaneous aspergillosis. Infection of skin and subcutaneous tissues by Aspergillus species appears to be more comthereby pathogenetically different from that observed in cancer patients recovering from neutropenia [82] . Whether prompt mon among children [16] and has been described in immunocompromised patients at the insertion sites of central venous institution of appropriate antifungal therapy after the first positive culture would have affected the overall course of this infant catheters [66] , peripheral intravenous sites [16] , and in association with laceration by arm boards or tape [16, 67 -69] , must remain a matter of speculation. Distinct clinical symptoms or specific radiographic signs are and in patients with burn wounds and soft-tissue trauma [70, 71] . Immature barrier functions of the skin, reduced not present in cases of invasive aspergillosis that occur in early life. Even in cases of widely disseminated disease, blood thickness of the epidermis, and macerations by tape or oxymeter sensors may account for the majority of cases of pricultures were only rarely positive, and cultures of CSF were negative for all seven infants with CNS involvement. mary cutaneous aspergillosis reported in very immature neonates of £3 weeks' postgestational age [23] . Nevertheless, Nevertheless, a raised index of suspicion appears to be indicated in the presence of skin lesions, especially when observed tissue damage may play a similarly important role in establishing invasive infection at other sites [51] .
in a very-low-birth-weight infant; in the presence of an oral lesion; in the case of any acute vascular event including pulmoAspergillus species are ubiquitous in nature and have been isolated from the human vaginal tract [72] . In cattle, they may nary emboli or nodular and infarct-like lung lesions; in the event of hemoptysis; and in the case of persistent signs of infect the placenta and cause abortion [73] . Human intrauterine infection has been suggested on the basis of histopathologic infection despite antibiotic therapy and negative cultures, especially when there is a combination of pulmonary and cerebral findings in six stillborn fetuses in a report from the former U.S.S.R. [74] , but ultimate evidence for this route of infection findings [11 -13] . Isolation of Aspergillus species in any of these circumstances should be regarded as proof of infection could not be provided. Indeed, although contact transmission can occur, airborne transmission of Aspergillus spores is the unless otherwise excluded, but any culture that is positive for Aspergillus must be considered seriously in the neonate. Conmajor route of infection [75] .
Aspergillus species can be isolated from various sites within versely, negative cultures do not exclude infection, and empirical therapy can be justified in certain conditions. Ultimately, the hospital including the water system [76] . Most clusters of nosocomial aspergillosis, however, have been related to grossly invasive procedures and bioptic evidence may be required to establish the diagnosis or to avoid unnecessary, potentially contaminated ventilation systems or to dust dislodged during hospital construction [15] . There is ample evidence from anitoxic treatment [11] . Once invasive aspergillosis has been diagnosed, dissemination must be excluded with a focus on the mal research that a considerable inoculum is required to establish invasive pulmonary infection [53, 77, 78] ; in contrast, a lungs (if not primarily involved), the CNS, and the choroid [12] . Disorders of the phagocytic system, primarily CGD, should be clearcut sequence of colonization and later infection has not been demonstrated. Nevertheless, in analogy to patients with ruled out as the underlying condition. Amphotericin B deoxycholate at initial doses of 1.0 -1.5 leukemia and/or neutropenia, among whom the isolation of A. fumigatus or A. flavus from the respiratory tract is highly mg/kg continues to be the mainstay of medical treatment for both suspected and proven invasive aspergillosis in children predictive of invasive infection [79] , the recovery of Aspergillus species should always be taken seriously when obtained §3 months of age and in adults [52, 83] . However, the situation is more complex during the first 3 months of life, where the from a susceptible patient [1] .
In the case reported herein, prematurity, a course of severest elimination of amphotericin B seems to be delayed [84, 85] and extreme interindividual variability of both clearance and illness, and the administration of corticosteroids in pharmacological dosages provided a state of profoundly compromised volume of distribution has been noted, particularly among preterm neonates [84 -86]. Nevertheless, in contrast to early obserhost defenses against the organism. The impact of both acute illness and treatment with corticosteroids is mirrored by the vations [87] , amphotericin B appears to be tolerated in preterm infants without significant nephrotoxicity at daily doses of £1 treatment of lesions of skin and subcutaneous tissues and for infections of the CNS due to Aspergillus species [12, 52] . mg/(kgrd) [84, 86, 88 -91] , and doses of up to 1.5 mg/kg have been safely administered [9] . Therapeutic drug monitoring and
In conclusion, although invasive aspergillosis is not yet an emerging infectious problem in neonatal medicine, the 44 cases individualized dosing have been proposed [85, 86] , but no correlation has ever been established between serum concentraof invasive aspergillosis compiled in this article clearly demonstrate that infections due to Aspergillus species do not spare neotions of amphotericin B and outcome or toxicity. Indeed, antifungal therapy is based mainly on the type of infection and the nates and young infants, and that they cause disease that is life threatening but amenable to treatment. Thoughtful use of corticoinfectious agent, with the dosage being individualized according to clinical response and toxicity [1, 51, 84, 92] . In steroids, avoidance of skin trauma, careful attention to ventilation systems, and appropriate measures during hospital renovation and view of the overwhelming course of invasive infections due to Aspergillus species, we would definitely suggest an initial daily construction work may prevent the occurrence of nosocomial aspergillosis in neonatal medicine. Finally, any cultures of specidosage of at least 1 mg/(kgrd). Infusion of the drug should be carefully monitored, especially in the presence of hyperkalemia mens obtained from a neonate that are positive for molds should be considered seriously, and prompt empirical treatment should and/or renal impairment, given that cardiac arrhythmias have occurred in these circumstances [83, 93] . Renal blood flow and be instituted until infection can be reliably excluded. homeostasis of serum electrolytes should be maintained, and serum levels of co-administered aminoglycosides, vancomycin, used widely in cases of successful treatment, and its use appears carditis, and peritonitis, and should be strongly considered for
